Study of the chemical constituents of Acronychia pedunculata (L.) Miq. (Rutaceae) stems collected in Taiwan led to the isolation and identification of eight known and three new acetophenones, named acrophenone A (1), B (2), and C (3). Of them, acrovestone (5), acropyrone (6) and acrovestenol (7) , which are dimer compounds, strikingly inhibited the proliferation of human leukemia cell lines.
The genus Acronychia (Rutaceae) is distributed from India to southern China, and the roots, stems, leaves, and fruits of A. pedunculata (L.) Miq. have been used in folk medicine to treat various diseases such as asthma, diarrhea, rheumatism, sores, swellings, pain and itchy skin [1] . A. pedunculata is a rich source of prenylated acetophenone derivatives [2] that exhibit biological effects such as antioxidant [3a] , cytotoxic [3b,4a] and cyclooxygenase-2 inhibitory activities [4b] . We previously reported that acetophenones from this plant exhibit cytotoxic activity against KB and HCT-8 cells [4c,d] . We here report the isolation and structural elucidation of three new acetophenones from the stems of A. pedunculata collected in Taiwan, and the anti-proliferative activity of 11 acetophenones isolated from this plant towards human leukemia cell lines.
An EtOAc extract of stems of A. pedunculata was fractionated by silica gel column chromatography and preparative TLC to obtain eight known and three new acetophenones, named acrophenone A (1), B (2) , and C (3) (Figure 1 ). Acrophenone A (1) was obtained as a colorless oil. Its molecular formula was determined to be C 19 H 24 O 5 by HREIMS. UV bands were observed at  max 228, 262, and 286 nm. The IR spectrum showed absorption bands due to a hydroxy group and a conjugated carbonyl group at  max 3444 and 1693 cm -1 , respectively. The 1 H NMR (CDCl 3 ) spectrum revealed a singlet methoxy group ( 3.68) and a singlet acetyl group ( 2.42) . The appearance of a pair of doublets at 5.44, 6.41 (each 1H, J = 9.8 Hz), together with two 3H-singlets at 1.34 and 1.35, indicated the presence of a 2,2-dimethylpyran ring system in the molecule. Furthermore, two 3H-singlets at 1.26 and 1.27, methylene proton signals at 2.55 and 2.80 (each 1H, dd, J = 17.0, 5.2 Hz), and a methine proton signal at 3.70 (1H, br s) were observed. These signals, coupled with the 13 C NMR signals at 25.9 (t), 69.0 (d), 77.8 (s), 24.7 (q) and 21.7 (q), suggested the presence of the CH 2 -CH(OH)-C(CH 3 ) 2 group. In the HMBC experiment (Table 1) , the C-H long-range correlations from H-1" to C-6, and from H-2" to C-7, indicated placement of the 2,2-dimethylpyran ring at C-6/C-7. The C-H long-range correlation from H-1' to C-4 and C-5 indicated placement of the 2,2-dimethyl-3-hydroxydihydropyran ring at C-4/C-5. In the NOE experiments, irradiation of the methyl proton at 2.42 (H-2) resulted in 2% area increases of both 8-OCH 3 (3.68) and H-4' ( 1.26). Irradiation of the methoxy proton at 8-OCH 3 (3.68) resulted in a 6% area increase of H-1" ( 6.41). On the basis of these results, the structure of acrophenone A was proposed to be that of 1.
To confirm this structure, we synthesized acrophenone A (1) from a commercially available 2,4,6-trihydroxyacetophenone monohydrate (8) (Figure 2) . Treatment of the monomethylate (9) obtained from 8 with 3-chloro-3-methyl-1-butyne in THF in the presence of DBU gave 10. Catalytic hydrogenation of an EtOAc solution of 10 on Lindlar catalyst gave 11. A mixture of 11 and N,N-diethylaniline NPC Natural Product Communications heated under reflux under argon for 2 h gave preremirol (12) in 76% yield. This product was considered to have been formed by Claisen rearrangement of the prenyl moiety on 11 to give an ortho-phenolic hydroxyl group. Location of the prenyl moiety at C-5 on 12 was indicated by observation of a NOE between a methoxy proton at 3.84 (8-OCH 3 ) and  5.90 (H-7). Further treatment of 12 with 3-chloro-3-methyl-1-butyne in THF in the presence of DBU gave 13. Treatment of 13 with mCPBA under acidic conditions in CH 2 Cl 2 gave 14 in 60% yield. Cyclization of 14 under reflux in diethylaniline afforded a colorless oil (1') in 95% yield, and this was determined to be identical to natural acrophenone A (1) by spectrometric comparisons ( 1 H NMR and MS) and co-TLC. Next, we examined the optical purity of acrophenone A (1), [] D 25 -3.4 (MeOH), using a Chiralpak AD-H HPLC column. From the results of this analysis, acrophenone A (1) was found to occur as a partial racemate in the ratio 5:6. The absolute configuration of the major enantiomer of 1 remained undetermined because of the small amount of acrophenone A (1) isolated from the natural source. On the basis of these data, the structure of acrophenone A was determined as shown by formula 1 in Figure 1 .
Acrophenone B (2) was isolated as a colorless oil. The molecular formula, C 16 H 18 O 5 , was established by HREIMS. The IR spectrum showed absorption bands due to hydroxy and conjugated carbonyl groups. The 1 H NMR spectral data of 2 (Table 1) were similar to those of 1, except for the presence of the characteristic signals of a furan ring at  6.79 and 7.43 (each 1H, d, J = 2.1 Hz) instead of the signals of the 2,2-dimethylpyran ring of 1. In the HMBC experiment (Table 1) , the C-H long-range correlations from H-2" to C-6 and C-7 indicated the placement of the furan ring at C-6/C-7. The C-H long-range correlation from H-1' to C-4 and C-5 indicated the placement of the 2,2-dimethyl-3-hydroxydihydropyran ring at C-4/C-5. This placement is supported by observation of NOEs between a methoxy proton at 3.96 and an aromatic doublet proton at 6.79 (H-1") on the furan ring and between a methyl proton at 2.45 and a methoxy proton at 3.96. These results indicated that the structure of acrophenone B was 2. On the basis of the above results, the structure of acrophenone B was established as 2, except for the absolute stereochemistry. Acrophenone C (3) was isolated as a colorless oil, C 19 H 26 O 5 . The IR spectrum showed absorption bands due to hydroxy and conjugated carbonyl groups. The 1 H NMR spectral data of 3 (Table 1) were similar to those of 1, except for the presence of the characteristic signals of a prenyl moiety at  3.35 (2H, d, J = 7.0 Hz),  5.21 (1H, m),  1.84, 1.78 (each 3H, s) and a D 2 O-exchangeable proton signal at  5.76 instead of the signals of the 2,2-dimethylpyran ring of 1. In the HMBC experiment (Table 1) , the C-H long-range correlations from H-1" to C-6 and C-7 indicated the placement of the prenyl moiety at C-7. This placement is supported by observation of NOEs between a methoxy proton at 3.70 and a doublet proton at 3.35 (H-1") on the prenyl moiety and between a methyl proton at 2.49 and a methoxy proton at 3.70. These results indicated that the structure of acrophenone C was 3.
Eight known compounds were also isolated and identified by comparison of their physical data with those published. These compounds were acronyculatin D (4) [3a] , isofuranoselwynone [5a] , acronylin [3b], phenylethanone [5b] , acronyculatin E [3a, 4a] , acrovestone (5) [3a, 4c, 4d] , acropyrone (6) [3b], and acrovestenol (7) [3b, 4b] (Figure 1 ).
The cytotoxic effects of the isolated compounds were investigated by MTS assay using Jurkat, NALM6, K562, HPB-ALL and human peripheral blood mononuclear cells (PBMNCs). Of the investigated Acetophenone from Acronychia pedunculata and their antiproliferative effects Natural Product Communications Vol. 11 (1) 2016 85 compounds, acrovestone (5), acropyrone (6) and acrovestenol (7), which are dimer compounds, strikingly inhibited the proliferation of all leukemia cell lines tested (Table 2) , but not the proliferation of PBMNCs. In contrast, acronyculatin-D (4), a monomeric acetophenone, only modestly inhibited the proliferation of NALM6 and K562 cells (IC 50 : 46.5  1.5 and 41.9  3.6 M). The IC 50 of acrovestenol (7) was about 2-fold higher than that of monomeric compounds such as acronyculatin-D (4) and acronylin, consistent with a previous report [3b]. Plant materials: Acronychia pedunculata (L.) Miq. (Rutaceae) was collected in Taipei Hsien, Taiwan, in April 1986. The plant was identified by Professor C. S. Kouh, National Cheng-Kung University, Taiwan, and a specimen has been deposited in the herbarium of Cheng-Kung University.
Extraction and isolation:
The dried stems (1.2 kg) of A. pedunculata were extracted under reflux with EtOAc. The solvent was evaporated under reduced pressure to give the EtOAc extract (69.6 g), part of which (15.3 g) was subjected to silica gel column chromatography (CC) eluted successively with n-hexane-acetone (10:1, 5:1, 3:1, 1:1), acetone, and MeOH, to give 6 fractions. For each fraction, normal phase CC on silica gel and preparative TLC using appropriate combinations of solvents (n-hexane, EtOAc, CHCl 3 , CH 2 Cl 2 , Et 2 O, acetone, iPr 2 O, benzene, and MeOH) resulted in isolation of the following compounds. From fraction 1 (n-hexaneacetone 10:1): acronyculatin E (46 mg), acropyrone (6, 158.0 mg), from fraction 2 (n-hexane-acetone 5:1): phenyletanone (39.6 mg), acrovestone (5, 65 mg), acrovestenol (7, 5.5 mg), from fraction 3 (n-hexane-acetone 3:1): acronylin (22.7 mg), acronyculatin D (4, 4.7 mg), isofuranoselwynone (2.0 mg), acrophenone A (1, 2.0 mg), and from fraction 4 (n-hexane-acetone 1:1): acrophenone B (2, 1.8 mg) and acrophenone C (3, 2.1 mg). /2-propanol (3:1) , flow rate 1.00 mL/min, UV detection 254 nm. Two isomers of 3: t R = 0.52 min, t R = 0.60 min, ratio 1:1 2,4-Dihydroxy-6-methoxyacetophenone (9): A mixture of 2,4,6-trihydroxyacetophenone monohydrate (8, 2.0 g), anhydrous K 2 CO 3 (1.6 g) and methyl iodide (1.5 g) in acetone (20 mL) was refluxed for 3 h. K 2 CO 3 was filtered off and the filtrate was subjected to silica gel CC with CHCl 3 :acetone (30:1) to give colorless oil (9, 258 mg) (13%). 
1,1-Dimethylpropargylether (10):
A mixture of 2,4-dihydroxy-6-methoxyacetophenone (9, 45.4 mg) and 3-chloro-3-methyl-1-butyne (36.5 mg) in THF (0.5 mL) was stirred in the presence of DBU (40.8 mg) for 12 h at room temperature. Diluted HCl was added to the reaction mixture and the solution was extracted with EtOAc. The extract was dried over anhydrous MgSO 4 , and the solvent was removed by evaporation. The residue was subjected to preparative TLC (n-hexane:acetone = 2:1) to give a colorless oil (10, 44.1 mg) (71%). dimethylpropargylether (10, 26.5 mg) was stirred under hydrogen for 12 h at room temperature. The solution was filtered and the filtrate was concentrated under reduced pressure. The residue was subjected to silica gel preparative TLC (n-hexane:acetone = 2:1) to yield 1,1-dimethylallylether (11, 19.4 
Preremirol (12):
A mixture of 1,1-dimethylallylether (11, 18.5 mg) in N,N-diethylaniline (0.5 mL) was refluxed under argon for 2 h. Diluted HCl was added to the reaction mixture and the solution was extracted with diethyl ether. The extract was dried over anhydrous MgSO 4 , and the solvent was removed by evaporation. The residue was subjected to preparative TLC (diisopropyl ether:acetone = 30:1) to give a colorless oil (12, 14.1 mg) (76% 
.
Preremirol 1,1-dimethylpropargylether (13):
A mixture of preremirol (12, 20.9 mg) and 3-chloro-3-methyl-1-butyne (18.3 mg) in THF (0.5 mL) was stirred in the presence of DBU (20.4 mg) for 12 h at room temperature. Diluted HCl was added to the reaction mixture and the solution was extracted with EtOAc. The extract was dried over anhydrous MgSO 4 , and the solvent was removed by evaporation. The residue was subjected to preparative TLC (n-hexane:acetone = 2:1) to give a colorless oil (13, 11.1 mg) (42%). 
Cyclization reaction of 13:
A mixture of 13 (13.8 mg) and m-CPBA (8.6 mg) in CH 2 Cl 2 (0.3 mL) was stirred in the presence of p-toluenesulfonic acid (9.0 mg) for 24 h at room temperature. Sodium thiosulfate solution was added to the reaction mixture and the solution was extracted with CH 2 Cl 2 . The extract was washed with saturated aqueous Na 2 CO 3 solution, dried with anhydrous MgSO 4 , and the solvent was evaporated. The residue was subjected to preparative TLC (n-hexane:acetone = 2:1) to give a colorless oil (14, 8.7 Thermal ring closure of 14: A mixture of 14 (6.4 mg) in N,Ndiethylaniline (0.5 mL) was refluxed under argon for 2 h. Diluted HCl was added to the reaction mixture and the solution was extracted with diethyl ether. The extract was dried over anhydrous MgSO 4 , and the solvent was evaporated. The residue was subjected to preparative TLC (n-hexane:acetone = 2:1) to give a colorless oil (1', 6.1 mg) (95%), and was found to be identical with natural acrophenone A (1) by spectrometric comparisons ( 1 H NMR and MS) and co-TLC.
Cell lines and culture: Human acute T cell leukemia (Jurkat), B cell precursor leukemia (NALM6), erythroid leukemia (K562) and T cell leukemia (HPB-ALL) cells obtained from Tohoku University were grown in RPMI 1640 supplemented with 10% heat-inactivated FCS, penicillin at 100 units/mL, streptomycin at 100 g/mL, non-essential amino acids, sodium pyruvate and HEPES under 5% CO 2 at 37C.
Isolated peripheral blood mononuclear cells and culture: Blood samples from healthy volunteers were collected and heparin was added to prevent coagulation. The samples were diluted at a 1:1 ratio with PBS, layered onto Histopaque®-1077 at a volume ratio of 1:1, and centrifuged at 400 x g for 30 min. The PBMNC layer was collected and washed twice with culture medium, and then the cells were suspended in fresh medium. The PBMNCs were seeded onto 96-well plates at a density of 110 5 cells/well and assayed in cell viability assays.
Cell viability assays:
Each cell type was seeded onto 96-well plates at a density of 510 4 cells/well. After overnight incubation, the cells were treated for 24 h with either the isolated compounds or DMSO as the vehicle control. MTS Reagent (CellTiter 96 AQueousOne Solution Cell Proliferation Assay; Promega) was added to each well according to the manufacturer's instructions. Absorbance was monitored at 490 nm using a microplate reader (Molecular Devices, Sunnyvale, CA, USA). Cell viability (%) was normalized to the vehicle control. Each experiment was performed in triplicate. (-)-epigallocathechin gallate (EGCG) and staurosporine were used as the negative and positive controls, respectively. IC 50 values were calculated using Softmax Pro6 (Molecular Devices).
Statistical analysis: Statistical analysis was performed by one-way analysis of variance, followed by Tukey's test using Statistical Package for the Social Sciences (SPSS) software (version 16.00; SPSS Inc., Chicago, IL, USA). Results are expressed as mean ± SD.
